THE literature of modern endocrinology is not only immense in volume but also confusing in its wealth of conflicting opinions. A synthesis of the work should serve to clarify the reader's ideas and bring to his mind a sharp, cogent picture of contemporary endocrinology. This can only be done by a study of its historical development.
Three periods can be distinguished in this historical development. The first or descriptive period, the second or period of analytical endocrinology, and the third contemporary period, that of synthetic endocrinology. Each of these periods is based on certain special directive lines of scientific research, but although they follow each other chronologically in their beginnings there is much overlapping; for instance, even in our own times, research on the lines of the descriptive period is being pursued. This division is thus chronologically correct only as regards the special directive lines of research which appear in the course of the centuries.
First Period Description of the Endocrines
The anatomical description begins with that of the classical endocrines. The gonads and liver were known to the earliest physicians; the thymus to the Alexandrians (third century B.C.). The thyroid, pineal, and pituitary were described by Galen. The suprarenals were discovered by Bartolommeo Eustachi in the sixteenth century. The pancreatic insula was found by Langerhans in 1869, and finally the parathyroids by Ivan Victor Sandstr6m, of Uppsala, in 1880. I have included the liver among the classical endocrines following Claude Bernard, who introduced the conception of internal secretion in his study on the liver. Although for many years after the work of the French physiologist there is no mention of this organ among the endocrines, contemporary authors have reintroduced the conception of the " endocrine liver ". In fact, not only does the liver secrete real hormones, but through its enzymes it is the terminal effector organ of the metabolic functions of the endocrines. It is impossible to understand endocrinology without considering this most important of all metabolic organs.
These are the adult endocrines. They make their appearance in the, fourth week of embryonic development, when the embryo is 3 mm. in length. Recently, however, other endocrine organs occurring in the embryo before the appearance of the definite endocrines have been described. These are the " organizers ", whose function is to direct development of the amorphous cellular mass represented by the early embryo into differentiated organs. Work on this subject started with Spemann who described the primarv organizers as appearing at a very early stage, probably before the beginning of embryonic cleavage, and situated in the dorsal lip of the blastopore, and the secondary organizers which developed a little later, prbbably under the influence of the primary organizers; these in their turn inducing the formation of various tissues and organs.
J. C. Needham has demonstrated that Spemann's organizers direct differentiation of the embryonic cellular mass through a special morphogenetic hormone, which is a sterol and thus related to the sex hormones, the cancer-producing substances, and vitamin D. The term " endocrines " has covered a wider field in recent years. It has been demonstrated that all cells of the body possess an incretory function. As early as the eighteenth century Theophile de Bordeu wrote of "emanations'" from the various body tissues penetrating into the blood. Brown-Sequard and d'Arsonval in the nineteenth century developed this idea more scientifically. Internal secretion is then a function of all cells. There are cells, however, isolated in various tissues, which possess this incretory power to a higher degree, such as some cellular elements of the hypothalamus and those described in the spinal cord by Speidel. A step forward in the specialization of internal secretion is represented by somewhat loose groups of these endocrine cells constituting diffuse endocrine organs. These were first described by Masson as " argentaffine organ " scattered in the mucous membrane of the gastro-intestinal tract. A similar diffuse endocrine organ is described as spread in the duodenal papillae and probably secreting the hormone secretin. The research work done on these organs has been reviewed recently by Feyrter.
Thus in this first or descriptive period we see that study of their historical development allows of a synthetic conception of the endocrines. All cells possess an endocrine function. In certain tissues isolated cells become more specialized and constitute incretory cells. One more degree of specialization, and these cells are grouped loosely as diffuse endocrine organs. The highest form of specialization is the grouping of such cells into the real endocrine glands.
Second Period. Analytical Endocrinology
Special Physiology of the Endocrine Glands: the Hormzonies
Only in the eighteenth century did the idea of an internal secretory function of the organs known to-day as endocrine glands emerge, mainly in the work of Dutch physicians such as Ruysch, quoted in Haller's Textbook of Physiology published in 1766. This conception was elaborated by Le Gallois in 1801, but chiefly by T. Wilkinson King as regards the thyroid (1836), and George Gulliver for the adrenals (1840). The first experimental proof of internal secretion came from John Hunter in 1792 and Berthol(c in 1849. The Gottingen physiologist, completing the experiments of Hunter, showed that castration in the cock caused atrophy of the comb, but that this could be prevented if the testis were transplanted to another part of the body. This experiment demonstrated the influence of the testis on the blood and thus on the body as a whole.
All this was prodromic work. The conception of internal secretion bv the glands already described took a definite place in scientific knowledge in From that time onwards physiological knowledge of the endocrine glands progressed rapidly. Their internal secretion was shown to consist of special chemical substances, the hormones (a term used first by Starling in 1905). One year after the great peak of 1855, Vulpian, physician to the Salpetriere, discovered in the adrenals and the blood coming from the adrenals, a chromogen which he connected with the secretion of these glands. In 1895, Eugen Baumann described iodothyrine as the active principle of thyroid. In 1901 Takamine and, independently, Aldrich isolated the incretion of the adrenal medulla and determined its chemical formula as adrenalin; one year later Bayliss and Starling isolated secretin from the duodenal secretion. With the special tests originating in the work of Stockard and Papanicolaou and the perfecting of chemical technique, work on the isolation, purification, and chemical determination of the hormones is proceeding actively.
The last phase in the history of the special physiology of the endocrine glands is the discovery of the integration of these glands and of their regulatory roIe in the metabolic processes of the body. Through the work of Harvey Cushing and of Langdon-Brown the endocrine glands have been demonstrated as constituting a system integrated by the pituitary. Active experimental work has. shown that this system regulates metabolism (a term introduced by Michael Foster in 1876), that is, the chemical processes of the body. All cells of the body possess special metabolic functions. If these cells worked independently the result would be chaos. The endocrine system regulates, correlates, and integrates all these local cellular metabolisms. It thus contributes to what Claude Bernard called the fixity of the internal environment (the blood and all intercellular fluids), which is the absolute condition of "free life ".
The endocrine system appears, therefore, in this phase of scientific work as the system of chemical integration of the body, working in harmony with the system of the nervous integration of the body, namely, the nervous system (including the sympathetic as well as the central nervous system).
Third Period. Synthetic Endocrinology The Connexion betweeent Hornmonzal anzd Nervous Functionis. The Neurohulmoral System
A new phase of research, which is being actively pursued and has already led to startling results, bears on the connexion between hormonic and nervous functions.
A first series of workers demonstrated that the endocrine glands and their hormonic secretions are under the influence of the nervous system, although they are capable also of independent function.
Anatomists, on the basis of perfected technique, have shown the penetration into the endocrine glands of nervous fibres terminating not only in the vessels but also around secretory cells. The nervous connexions between hypothalamus and pituitary gland-the central endocrine-have been studied and demonstrated by L. Greving (1918), Roussy and Mossinger (1933) . Ransom and his co-workers have described a characteristic nerve tract between supra-optic nuclei of the hypothalamus and the posterior pituitary.
Physiologists have shown the influence of, nervous stimulation on hormonic secretion. This has been demonstrated by Cannon for adrenaline, by MacLeod for insulin. They have also shown that stimuli applied to various parts of the body induce secretion of pituitary hormones, as demonstrated by the olfacto-gonadal reflexes, optico-ovarian anx optico-testicular reflexes, the ovulation reflex, and the opto-pigmentary reflexes.
This also presupposes intimate diencephalo-pituitary connexion, and in fact for the olfacto-ronadal and the optico-gonadal reflexes the whole reflex arc has been described anatomically (Roussy and Mossinger).
Finally, clinicians have demonstrated the role of emotional factors acting through the nervous system, through cortico-diencephalic connexions in the genesis of hyperthyroidism, hypo-ovarism, and hypo-insulinism.
Clinical as well as experimental proof has been given that many so-called endocrine diseases are due to nervous lesions (Camus and Roussy). Langdon-Brown, synthesizing this work, holds that most of these nervous stimuli act first on the hypothalamus. From this nervous fibres transmit a nervous impulse to the pituitary, which secretes its special or endocrinotropic hormone influencing other endocrines. While all these workers were demonstrating the intimate connexion between organs of hormonic secretion and the nervous system, others were demonstrating that the socalled nervous function is in fact a neurohormonic function, that the nervous impulse acts through a hormone released at the termination of the nervous fibre. T. R. Elliott first conceived, in 1904, that nervous sympathetic fibres acted through release at their terminations of a special chemical substance, a hormone as we say to-day, and this idea was developed in the experiments of Loewi of Graz (1921) and Cannon (1931) . The hormone released at sympathetic fibre terminations has been termed adrenilergic hormnione or sympathin. Dixon (1906), Loewi (1921) and principally Dale (1929) demonstrated that the action of the parasympathetic nerves occurs through liberation at the endings of these nerves of a cholinergic hormone. Dale demonstrated that action of the cerebrospinal musculomotor nerves occurs through liberation at their terminations of acetylcholine.
The result of this work was to show that what we called hormonic function was under nervous control, and that what we call nervous function is in fact neurohormonic. Now, even a few years ago the organism, the body-mind, was considered to be so integrated as to act as a whole through two mechanisms working in parallel, the nervous mechanism rendered effective through the nervous system and the chemical or hormonic mechanism rendered effective through the endocrine system. As the work already described demonstrated that both nervous and endocrine systems act neurohormonically, the immediate result has been to unify these systems into one, the extended nervous system or the neurohumoral system, and thus to include endocrinology in neurology. This trend of thought is emphasized in Sir Humphry Rolleston's standard work on the Endocrines in Health and Disease.
Through the extended nervous system the body adapts itself to environmental stimuli. Its effector component is divided into three sections, neurosomatic, neurovisceral, and neurometabolic (or neuro-endocrine). The neurosomatic component, consisting of what is usually known as the motor cerebrospinal system, regulates movement, this being the result of a nervous impulse originating in various centres of this part of the nervous system and causing at the terminations of the nerve fibres release of acetylcholine, which acts on the muscles. The neurovisceral component, which includes the greater part of what is known as the vegetative system, regulates visceral function, this being the result of a nervous impulse originating in various centres of this part of the nervous system and causing at the terminations of the nervous fibres liberation of an adrenalinergic or cholinergic hormone. The neurometabolic system, which is formed of that part of the vegetative nervous system innervating the pituitary and the other endocrines, and by the endocrines themselves (in fact the old endocrine system), regulates metabolism, this being the result of a nervous impulse originating in the various nervous centres of this system and causing at the terminations of the nervous fibres release of various hormones through action on the endocrines, for the most part through action primarily on the pituitary. This mechanism is similar to that of the other two components of the nervous system, but as regulation of metabolism requires a more diffuse and intensive hormonic action the hormonic element of the "nervous " function has been greatly developed by the appearance at the terminations of the nervous vegetative fibres of special endocrine glands. These may act independently of nervous impulses and may be stimulated via a humoral route, but this does not alter the general architecture of the neurometabolic system. For all these effector nervous, or more precisely neurohormonic mechanisms, neurosomatic, neurovisceral, and neurometabolic alike, centres are found at all levels of the nervous system including the cortex, as demonstrated by Fulton, to whom much of the development of these ideas is due. The principle of telencephalization, as this author has pointed out recently, should be applied to the whole nervous system and not only to its somatic component. The chief centres for the neurovisceral and neurometabolic systems, however, are situated in the hypothalamus, and to this is due the renewed interest in this part of the nervous system witnessed by two important recent publications, the British edited by Professor Le Gros Clark, and the American edited by Fulton.
The effector centres of the neurosomatic, neurovisceral, and neurometabolic components are actuated by nervous messengers, the ordinary reflex stimuli, by psychical messengers originating in the psycho-associational cortex, consisting probably in elaborated peripheral stimuli, and by chemical messengers consisting in changes of the chemistry of the blood flowing through these centres.
Twenty-five centuries ago, one of the first Greek physicians, Alkmeon of Croton, disciple of Pythagoras, held that the body was integrated as a whole through the hegemony of the brain. His remarkable intuition has been verified by those who have enlarged our knowledge of the nervous system, notably by Gaskell's demonstration of the integrative action of the vegetative nervous system on visceral function, by Sherrington's work on the integrative action of the nervous system, and by the labours of those named in this paper who clarified knowledge of chemical and hormonic integration and presented these two biological mechanisms as a unified whole.
The Nosography of the Endocrine System The first description of endocrine disease, that is, the first work linking certain symptom complexes with disturbances of endocrine organs, was given long before there was any accurate knowledge of endocrine physiology. It occurs, in fact, in the writings of Hippocrates, who studied hypo-orchidism, the disease of the Scyths, and climacteric hypoovarism. Only after some advance was made in the knowledge of glandular physiology, however, were endocrine diseases introduced into nosographv. The earliest of these was hypothyroidism, studied first by T. B. Curling in 1850, when the role of the thyroid in the symptom complex designated as cretinism was shown. This conception of a disease "hypothyroidism" was elaborated later by Charles Henry Fagge in his description of congenital hypothyroidism (1871) and in Sir William Gull's description of adult hypothyroidism (1873). Hypo-adrenalism was described in 1855 by Thomas Addison, and the real start of endocrine nosography was marked by this work.
Since that date other endocrine diseases have been described, and not only have unattached symptom complexes been shown to be linked with endocrine dysfunction but also, thanks to the inclusion of the endocrine pancreas and the endocrine liver in endocrinology, diseases described as "of metabolism" such as diabetes, obesity, and even gout have been included in endocrine ndsography. In fact the title of Barker's classical treatise Endocrinology and Metabolism is tautology. Diseases of metabolism are abnormal states of the regulators of metabolism, that is, of hormones and vitamins (which are a sort of external hormone).
A notable advance in the therapeutic chapters of the natural history of endocrine diseases was made with the introduction of endocrinotherapy. This began with Brown-Sequard in 1889, reached a notable peak with the introduction of thyroid organotherapy by G. R. Murray in 1890, and developed intensively of recent years. Outstanding events are the introduction of insulinotherapy by Banting in 1921, of the various sex hormones, and of cortin.
The recent developments of endocrine nosography consist in more accurate studies of the physiopathological chapters of the natural history of these diseases. With knowledge of the neurohormonic connexions the extreme, localistic point of view has been abandoned, and these diseases are regarded not always as local endocrine disturbances but frequently as neurohormonic disturbances. Such is the contemporary conception of Graves' disease, for instance, of diabetes insipidus, and of many other " endocrine disturbances ". This modified physiopathological conception enlarges therapy. Endocrinotherapy can no longer be considered as the sole method of treating these disorders, more general methods are now advocated, and the role of psychotherapy, dietotherapy, physical medicine and certain constitutional medicines is accepted more and more widely. Even endocrine gland surgery is rendered more effective when used in conjunction with general constitutional therapy.
Probably in no other branch of medicine is advance in nosography and therapeutics so closely bound up with increase in physiological knowledge as in endocrinology. With the wider and more synthetic conception of contemporary endocrine physiology a more complete and effective therapy is possible.
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